The results of two recent CMS physics analyses searching for charged Higgs bosons (H ± ) are presented. They are based on data from proton-proton collisions at the CERN LHC, recorded by the CMS experiment. In the first analysis, a charged Higgs boson with a mass from 90 to 150 GeV decaying to a c quark and a b quark is searched for in electron+jets and muon+jets final states of top quark pair events. The search is performed using data collected by CMS in 2012 at 8 TeV, corresponding to a total integrated luminosity of 19.7 fb −1 . The signal is extracted by reconstructing the invariant mass of two jets, one of which is identified as a b-jet. No H ± signal is observed and upper limits of 1.1-0.4% are set at 95% confidence level on the branching fraction for t → H ± b for the charged Higgs boson in the mass range of 90-150 GeV, assuming B(H ± → cb) = 1. In the second analysis, a charged Higgs boson with a mass from 80 GeV to 3 TeV decaying to a tau lepton and a neutrino is searched for in the fully hadronic final state of top quark pair events. The search is performed using data collected by CMS in 2016 at 13 TeV, corresponding to a total integrated luminosity of 12.9 fb −1 . Signal is extracted by reconstructing the transverse mass of the hadronically decaying tau lepton and the missing transverse momentum. No H ± signal is observed and upper limits of 2.8-0.3% are set at 95% confidence level
3 TeV decaying to a tau lepton and a neutrino is searched for in the fully hadronic final state of top quark pair events. The search is performed using data collected by CMS in 2016 at 13 TeV, corresponding to a total integrated luminosity of 12.9 fb −1 . Signal is extracted by reconstructing the transverse mass of the hadronically decaying tau lepton and the missing transverse momentum. No H ± signal is observed and upper limits of 2.8-0.3% are set at 95% confidence level on B t → bH ± × B(H ± → τ ± ν) for the charged Higgs boson mass range of 80-160 GeV, while upper limits of 1.8-0.004 pb are set at 95% confidence level on σ (pp → tbH ± ) × B(H ± → τ ± ν)
for the charged Higgs boson mass ranging from 180 GeV to 3 TeV.
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Introduction
In many BSM scenarios there are several Higgs bosons, some of which can be charged. The two Higgs doublet models (2HDM) [1, 2] 
CMS detector and event reconstruction
The central feature of the CMS detector is a superconducting solenoid with an internal radius of 3 m, providing a magnetic field of 3.8 T. A more detailed description of the CMS detector, as well as definitions of the coordinate system used, can be found in Ref. [14] .
Final state objects used in the analyses presented here are reconstructed using the standard CMS particle flow (PF) algorithm [15, 16] . The anti-k T algorithm [17] with a distance parameter R = 0.5 (at 8 TeV) or R = 0.4 (at 13 TeV) is used in jet clustering. Jets originating from b quarks are identified (b-tagged) using the combined secondary vertex (CSV) algorithm [18] . In this text, "b-jet" is used to refer to any b-tagged jet. Hadronically decaying tau leptons (τ h ) are reconstructed using the hadron-plus-strips algorithm [19] . The τ h candidates that are compatible with muons or electrons are rejected. Jets are suppressed by requiring the τ h candidate to be isolated.
The missing transverse momentum vector E miss T is defined as the projection on the plane perpendicular to the beams of the negative vector sum of the momenta of all reconstructed particles in an event. Its magnitude is referred to as missing transverse energy E miss T .
H + → cb search
In this section, the first CMS analysis looking for the H + → cb decay is presented. The H + → cb branching fraction is enhanced in the type-Y 2HDM model [20, 21] , leading to H + in top decays as t → H + b → cbb. Thus tt production can lead to events with one top quark decaying to a charged Higgs boson and subsequently giving three jets (two of which are b-jets), while the other top quark decays leptonically: t → W − b and W − → ν. As shown in Fig. 1 , this gives a final state with three b-jets, compared with only two from the semi-leptonic SM tt decays. This analysis searches for a charged Higgs boson by looking for a (non-W) peak in the dijet mass spectrum reconstructed from the two jets that are most likely to originate from the H + . The search is performed in two categories: events with two b-tagged jets and events with at least three btagged jets. Figure 2 shows the dijet mass distribution for the H + and W decays for both categories. The charged Higgs boson signal events are simulated using PYTHIA 6.4 [22] and the background samples are generated with MADGRAPH 5.1.3.30 [23] , POWHEG v1.0 r1380 [24] and PYTHIA 6.4. Parton showering and hadronization are simulated using PYTHIA 6.4, and the full simulation of the CMS detector is performed using GEANT4 [25] . Pileup is simulated by mixing the simulated hard events with multiple minimum bias events and weighting the simulated events such that the pileup distribution matches that of the real data.
Event selection
Signal events like the one shown in Fig. 1 contain one prompt lepton, one neutrino, and four quarks, three of which are b quarks. Therefore the final state observed in the detector will contain either a muon or an electron, at least four jets and missing transverse energy.
Single lepton triggers are used for both the muon channel (p T > 24 GeV, |η| < 2.1) and the electron channel (p T > 27 GeV, |η| < 2.5). The electrons (muons) are required to be well reconstructed and isolated, to have p T > 30 GeV (26 GeV), |η| < 2.5 (2.1) and to be consistent with originating from the primary vertex. Events with more than one lepton are rejected.
Jets are required to have p T > 30 GeV and |η| < 2.4. Since the analysis looks for events which include a neutrino in the final state, E miss T > 20 GeV is required. In the identification of b-jets, the medium working point (misidentification rate of 1%) is used.
The analysis uses four separate signal event categories, depending on the lepton flavour (electron or muon) and the number of b-tagged jets (two or more). Thus the categories are: electron+jets events with two b-jets, electron+jets with at least three b-jets, muon+jets events with two b-jets and muon+jets with at least three b-jets.
Background estimations
Three types of backgrounds are considered in this analysis: backgrounds from the top quark (tt and single top quark decays), backgrounds not associated with the top quark (non-top backgrounds), and QCD multijet events with a jet misidentified as a lepton.
In the categories with two b-jets, the estimation of the top quark and non-top backgrounds is performed using simulation. In the categories with at least thre b-jets, there are two complications. Firstly, events from SM tt decays have two components: tt+jets (with one of non-b jets mistagged as a b-jet) and tt + bb events. Simulation of the latter process is known to give too few events [26, 27] , so the simulated events are corrected using a scale factor measured from a control region with high tt + bb purity, defined by two isolated leptons of opposite charge, large E miss T , and three b-tagged jets. In the control region the data/MC ratio is found to be 1.23 ± 0.10. Secondly, as non-top backgrounds suffer from low statistics in these categories, the estimation is done by using events with two b-jets and correcting for the different tagging efficiencies with a scale factor.
For the background from multijet events, a data driven technique is used. An "anti-isolated" sample is obtained using signal-like events in the data, except the relative isolation of a lepton is taken to be looser. Background events estimated from simulated samples are processed through this anti-isolated selection and subtracted from the data. To correct for the difference in normalization of events between the signal selection and the anti-isolated selection, a scale factor is applied to the anti-isolated sample. This scale factor is measured using a control region orthogonal to the signal region and to the anti-isolated region, defined identically to the signal region except that E miss T < 20 GeV. The scale factor is obtained using events with two b-jets, and applied to the QCD multijet background estimation in all event categories. The same strategy to estimate the multijet background has been used previously in Ref.
[10].
Parton specific corrections to jets
As a good dijet mass resolution is essential for the sensitivity of this analysis, additional parton-specific jet energy corrections are introduced in order to make the jet energy match better to the energy of the primary quark of a specific flavour (b, c, or u/d/s). The parton specific corrections are derived by comparing the matched parton p T with the reconstructed jet p T .
The assignment of jets to specific quarks and the selection of the jet pair to be associated with a H + boson decay are performed using a kinematic fitter. While constraining the invariant masses of the leptonic W and both the leptonic and hadronic top quarks to the true values used in simulation, the fitter tries to find the jet to parton assignment with the minimal χ 2 by varying the p T values of the leading four jets, the lepton, and the non-clustered jet energy of an event.
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Results
The observed data in the four signal categories are fitted using the Maximum Likelihood method to determine the branching fraction B(t →H + b), assuming B(H + → cb) = 1, using binned dijet mass templates for the background and the signal, normalized by the best fit values shown in 
H + → τν search
In this section, the first CMS Run 2 analysis looking for H + → τν decay is presented. This analysis focuses on the fully hadronic final state containing a tau jet from the H + decay, hadronic jets (including b-jets) and missing transverse energy due to neutrinos from the H + decay. The benefit of the fully hadronic final state is that the transverse mass, defined as [28] 
can be reconstructed from the hadronic tau τ h and E miss T and used to extract the signal. The signal samples are generated with MadGraph5_aMC@NLO [29] for H + masses ranging from 80 GeV to 3 TeV. A custom NLO 2HDM UFO model [30] is used for the hard process. All background processes containg a genuine tau lepton are estimated from simulation: these include the top pair production (tt) at next-to-next-to-leading order (NNLO), single top production at nextto-leading order (NLO) [31] [32] [33] [34] , Drell-Yan production [29] , W+jets production at leading order (LO) in QCD with up to 4 associated partons [35] , and diboson production [29, 36] . Parton showering and hadronization, simulation of the CMS detector and pileup are performed as discussed in Section 3. Background from events with mis-identified tau (fake tau background) is estimated using a data-driven method.
Event selection
As the fully hadronic final state is common for the light H + (produced in top quark decay) and the heavy H + (produced in association with a top quark), the same analysis is used for both cases. Only the selection thresholds in tau p T and E Three hadronic jets with p T > 30 GeV and |η| < 4.7 are required, and at least one of these is required to be a b-tagged jet with |η| < 2.5. Moreover, an event variable R min bb , defined as [37] 
where j 1 .. j 3 are the three leading jets in the event, is used to reject multijet events where the E 
Background estimation
The main backgrounds are an irreducible background from standard model EWK+tt events with a genuine tau, QCD multijet events with a hadronic jet mis-identified as a tau jet (QCD fake tau), and EWK+tt events with a jet or a lepton mis-identified as a hadronic tau (EWK+tt fake tau). The EWK processes include W+jets, Drell-Yan and diboson production. The QCD multijet and EWK+tt fake tau backgrounds are estimated using a data-driven method, while the EWK+tt genuine tau backgrounds are estimated from simulation. Corrections are applied to the simulated events to better model the data.
The fake tau background with misidentified tau leptons is measured from a control region, defined by inverting the isolation requirement on the hadronic tau leptons (inverted selection). The data and the simulated genuine tau background samples are processed through the inverted selection, and the genuine tau background contribution is subtracted from the data. The resulting E miss T distribution, estimated in the control region, has been checked to have a shape similar to the E miss T distribution of the fake tau background in the signal region. The shape of the E miss T distribution in the control region and the shape of the E miss T distribution of genuine tau events in the signal region are used to determine the fraction of fake tau events in the data in the signal region, using a maximum likelihood fit on E miss T templates. Based on the calculated fraction, the fake tau events from the control region are weighted to correspond to the estimated event yield of the fake tau events in the signal region. To minimize the effect of correlations between tau p T and E miss T , the measurements and fits are done separately in tau p T bins.
The dominant sources of systematic uncertainties are related to the τ h , the jet and the E miss T energy scales and the normalization of the fake tau background. A more detailed description of the systematic uncertainties is given in Ref. [13] . The sensitivity of the light H + analysis is mostly constrained by these systematic uncertainties, while for the heavy H + analysis the limited amount of data is still the most important constraint. 
Results
The signal is extracted by performing a binned Maximum Likelihood fit to the transverse mass distribution, shown in Fig. 6 . The fit is performed both in the background-only and signal+background scenarios, and the 95% CL upper limits are set on the H + production using the CL s criterion [38, 39] on the likelihood ratio test-statistics [40, 41] . The resulting upper limits on B t → bH ± × B(H ± → τ ± ν) are shown in Fig. 7 (left) for the mass range of 80-160 GeV, while the upper limits on the product of production cross section σ (pp → tbH ± ) and B(H ± → τ ± ν) are shown in Fig. 7 (right) for the mass ranging from 180 GeV to 3 TeV. Both limits are compatible with the background-only hypothesis. [12] CMS collaboration, C. Collaboration, Search for Charged Higgs boson to cb in lepton+jets channel using top quark pair events, .
[13] CMS collaboration, C. Collaboration, Search for charged Higgs bosons with the H ± → τ ± ν τ decay channel in the fully hadronic final state at √ s = 13 TeV, .
